INTRODUCTION
The fundamental tenet underlying studies of animal design is evolution by natural selection. Simply stated, it argues that within the constraints imposed by phylogenetic history and genetic mechanisms, organisms will evolve phenotypes that are well adapted to their environment (Mayr 1983) . While the level to which organisms can be adapted to their environment has been debated for some time (e.g. Gould & Lewontin 1979) , it is undeniable that the environment which confronts organisms will be a major evolutionary force. From this perspective, a changing environment will then present organisms with a new range of challenges.
It is assumed that aquatic environments will be less affected by a changing environment, since the physical properties of water should buffer aquatic environments from extreme change. However, temperate aquatic environments can exhibit dramatic fluctuations in a number of key environmental parameters through time. Most notable among these are dissolved oxygen (DO), turbidity and temperature. Within central North America, placement of automated data loggers ( YSI 6920 data sondes) within the shallow waters of Delta marsh (located at the southern tip of Lake Manitoba, 49.9730818 N-98.2912448 E) indicates that all these parameters undergo a wide range of variation through time. Dissolved oxygen levels through most of the summer months tend to remain below 5 mg l K1 and can become almost completely anoxic for considerable periods of time whereas the spring and autumn months are characterized by water that is well oxygenated (figure 1). Similarly, turbidity within this location is highly variable (figure 2). Typically, we have observed that turbidity in excess of 13 nephelometric turbidity units (NTUs) can significantly alter interactions between predators and their prey (Abrahams 1994; Abrahams & Kattenfeld 1997) . The mechanism generating turbidity at this location is suspended inorganic particles and we believe that periods of high turbidity are then associated with anything that generates water turbulence (i.e. wind or movement of large fish). Owing to this mechanism, the pattern of turbidity within this environment is highly variable and much less predictable than changes in dissolved oxygen. Because of the shallow depth, this location also experiences substantial changes in temperature, with daytime levels approaching 308C. Unlike many other aquatic environments, temperatures within the water do not appear to be greatly buffered when compared with those recorded on land (figure 3).
While this environment experiences significant changes through time, so too can these parameters vary through location. Satellite imagery of Lake Winnipeg, the world's tenth largest lake and located close to Delta marsh, exhibits large variation in turbidity. This is primarily due to the effect of different rivers flowing into this lake. Relatively clear water flowing in from the Canadian Shield mixes with turbid water running off the North American prairies to produce large gyres that vary in turbidity (figure 4). Such a physical parameter is readily visible from satellite imagery and it is not unreasonable to assume that rivers providing water with other different physical characteristics, as well as variation in local biological conditions can generate similar spatial variation in key environmental parameters.
With this background of the physical environment, we describe the impact that variation in some environmental parameters can have on predator-prey interactions within temperate aquatic ecosystems, and in particular, we seek to determine whether it is the predator or prey that is the beneficiary of such change.
In considering the impact of these environmental parameters, we are assuming that both predator and prey are fish species, and that the predator must be significantly larger than the prey. The actual size difference between the predators and prey has been developed elsewhere (Damsgård 1995; Persson et al. 1996; Nilsson & Brö nmark 2000; Magnhagen & Heibo 2001) and is a well-known phenomenon within aquatic biology.
(a) Dissolved oxygen The species upon which most of the work on dissolved oxygen and turbidity we describe is based on the fathead minnow (Pimephales promelas) as prey and the yellow perch (Perca flavescens) as predator. Earlier work (Robb & Abrahams 2003) has demonstrated that fathead minnows are considerably more tolerant of hypoxic environments than their predator (figure 5). In these experiments, we measured the time until loss of equilibrium in four different concentrations of dissolved oxygen (measured in mg l K1 ): 7.2 (normoxic), 3.5 (mild hypoxic), 2.5 (hypoxic) and 1.8 (extreme hypoxia). Three different groups of individuals were used: adult fathead minnows, yellow perch of a size capable of consuming these minnows and juvenile yellow perch that were the same size as the minnows. Our data (figure 4) demonstrated that of all three groups, the fathead minnows were the most tolerant of the hypoxic environment. In most instances, they were capable of withstanding all hypoxic conditions for the duration of the 3 h trial. The only exceptions were some of the largest minnows within the extreme hypoxic condition. This was in stark contrast to the performance of the large yellow perch. Most could not tolerate the moderate hypoxic environment for the duration of the 3 h trial, and all trials within the extreme hypoxia treatment were terminated within 30 min. Using yellow perch that were the same size as the fathead minnows generated an intermediate response. These smaller yellow perch could tolerate more hypoxic environments but still were unable to achieve the performance of the fathead minnows. These data suggest that tolerance to hypoxic environments, at least among these species, is largely based upon allometric issues. Furthermore, we have found that prey are able to detect hypoxic stress within their predators at dissolved oxygen levels that can normally be tolerated by their predator. In a behavioural experiment, we measured the impact of predation risk on habitat quality using the technique of Abrahams & Dill (1989) , under normoxic and mild hypoxic conditions (3.5 mg l K1 ), a level of hypoxia that generated no observable stress in either the predator or the prey. These experiments demonstrate that under mild hypoxic conditions prey are able to detect hypoxic stress within their predators at dissolved oxygen levels that can normally be tolerated by their predator. Even though these levels of hypoxia generate no measurable levels of stress, it apparently renders them ineffective as a predator (Robb & Abrahams 2003) . The ecological implication of this result is that prey may intentionally seek hypoxic environments under the risk of predation as a refuge. To test this hypothesis, we created a threechambered apparatus (see Abrahams & Sloan submitted for details) that allowed fathead minnows and a yellow perch predator to freely move between and choose among environments. Two of the barrels contained normoxic water, the third was hypoxic and all locations contained food for the prey. The barrels were arranged in a triangle and connected to each other by a 1.7 m pipe. Each fish (20 prey and 1 predator) contained a passive integrated transponder (PIT) tag and their movements were monitored by six PIT tag readers that recorded when fish moved in or out of any specific habitat. By the location of the readers and synchronizing their internal clocks, we were able to generate a dataset that allowed us to determine the location of all individuals continuously for a two-week period and this was done separately for five different groups.
These data demonstrated that prey initially preferred the hypoxic environment, and were able to effectively avoid the predator using this habitat. However, through time the refuge became increasingly less effective as the predator was able to make increased use of that habitat. Our interpretation of these data is that the predator is able to acclimate to the hypoxic environment and hence defeats this environment's capacity to function as a refuge.
We believe that differences in physiological tolerance that are within the range of physiological adaptation through acclimation will only be of ecological significance if they are ephemeral. Furthermore, hypoxic environments that can be occupied by some species are likely to be avoided under conditions of low risk since their use will probably incur some energetic cost (unless this energetic cost is compensated by benefits through competition). However, under threat of predation, they will probably become preferred habitats due to diminished risk. The ecological value of hypoxic environments may become even more pronounced when the role of aerial predators is considered. One option that piscivorous fish can exploit to use hypoxic environments is aquatic surface respiration (ASR). But in so doing, these fish then make themselves vulnerable to their aerial predators. If there is a range of dissolved oxygen levels that require ASR by the predators, and not their prey, then it is at this point that aerial predators may amplify the value of hypoxic environments to prey species (Kramer 1987) .
There is evidence that hypoxic refuges may have occurred in African lakes that were subject to the introduction of the Nile perch (Lates niloticus). This is a species that grows to a very large size and is a voracious piscivore. It was introduced into lakes that contained primarily small species including the diverse haplochromine assemblage. The consequence of this introduction was the extinction of many species of haplochromine cichlids, including some species that were important herbivores. Within Lake Victoria, the removal of these herbivores shifted a lake that was mesotrophic dominated by diatoms to a eutrophic lake dominated by blue-green algae (Hecky 1993) . Large amounts of decaying vegetation within the lake resulted in large regions that became hypoxic or anoxic, and it was within wetlands adjacent to the lake that several species of haplochromines that were thought to be extinct were discovered (Chapman et al.1996a (Chapman et al. ,b, 1999 . While such locations do provide the structural complexity important in evading predators, it was noted that such locations contained hypoxic waters that cannot be tolerated by the Nile perch.
From the perspective of who benefits under conditions of hypoxia, the answer will hinge critically on the physiological basis for hypoxia tolerance. In the yellow perch/fathead minnow system we have described, the benefits accrue primarily to smaller individuals suggesting that hypoxic refuges may exist for the prey. However, there is also evidence that some fish are capable of reducing aerobic demands and increasing anaerobic capacity by increasing levels of lactate and malate dehydrogenase within major organs as they become larger (Almeida-Val et al. 1995 . Responses of individuals less tolerant of hypoxic conditions may be to concentrate them in locations of water higher in DO but in so doing may make them more vulnerable to predators.
(b) Turbidity It has been recognized for some time that the risk of predation may exert at least as great, if not a greater impact upon an ecosystem than the actual act of predation. For predators to exert this influence, it is necessary that prey be able to detect the presence of predators and modify their behaviour in a way that will affect their probability of being killed (reviewed by Lima & Dill 1990) . Many fish species have very well developed eyes and it is not unreasonable to assume that they are capable of detecting their predators visually (Blaxter & Fuiman 1990; Fuiman & Magurran 1994) . However, varying turbidity levels, as experienced within our study location and also within many other aquatic ecosystems will significantly alter fishes' ability to detect their predators (Miner & Stein 1996) . There are two non-mutually exclusive actions that can occur when this happens. Considering only visual information for identifying predators and the subsequent risk they impose, increasing turbidity will result in reducing the distance at which predators can be detected. Ultimately, predators may be only detected at the point where their location is so close that the outcome of a predator-prey interaction will be determined by who detects whom first. Under this condition, these interactions will very closely approximate the conditions that underlie the Lotka-Volterra predator-prey model and hence it is reasonable to assume that predator-prey interactions will not be affected by modified behaviours associated with the risk of predation. Evidence in support of this assertion is the experiment by Abrahams & Kattenfeld (1997) that demonstrated that size-dependent mortality became size-independent when the environment became turbid. This result may be due to size-dependent antipredator behaviours, such as burst swimming, becoming ineffective in a turbid environment.
Extending this scenario, detection rates will then be determined by the speed at which predators and prey move through their environment (Werner & Anholt 1993) . Prey rates of movement will probably be optimized by the conflicting demands of increasing encounter rates of food while decreasing encounter rates with predators. Predators will only be selected to move rapidly to increase encounter rates with prey, subject to the constraints associated with the energetics of motion. Under these conditions, it seems reasonable that predators may benefit more than their prey.
This conclusion hinges critically on the mechanism that is used to detect predators and their prey. It is well known that fish within the superorder Ostariophysi rely also on chemical cues to assess the level of predation risk within their environment, specifically the presence of hypoxanthine-3-N-oxide (Pfeiffer et al. 1985; Smith 1992) . There is also evidence that other species within the Salmonidae are also capable of detecting this chemical, even though they apparently do not release the chemical themselves (Brown & Smith 1998 ).
Indeed, the conflicting demands of chemical versus visual information have been well demonstrated in comparative studies that show reduction in the size of the optic nerve and other components of the visual system with increasing water turbidity (Huber & Rylander 1992; van Staaden et al. 1994) . In situations where both predator and prey are using multiple sources of information, the outcome of predator-prey interactions will be determined by their relative effectiveness (for more detail, see Abrahams 2005) .
(c) Temperature To our knowledge, all temperate freshwater fishes are ectotherms. Furthermore, the thermal conductivity of water is 24.5 times greater than air (Hammel 1955) . This high thermal conductivity means that there is unlikely to be much fine-scale variation in temperature beyond that normally associated with vertical stratification or the confluence of waters whose origins differ in temperature. For example, unlike terrestrial environments, there should be little significant difference in temperature between locations that are locally shaded versus those exposed to direct sunlight. In addition, because both predator and prey are ectothermic, their energetic requirements will be tightly linked to environmental temperature.
Increasing temperature should have a significant impact upon predator-prey interactions. For both predator and prey, energetic demands will increase (Elliott 1976) . Prey species are required to move through their environment to locate their prey (sensu Werner & Anholt 1993) and if they require more energy then they must spend more time feeding, or when feeding they must do so more actively. Yet, their predators' energetic demands are probably also increasing and therefore should be expected to forage vigorously. The implications for prey are that mortality rates are likely to be much higher with increasing temperature. Unfortunately, very little is known about changing temperature on predator-prey interactions. A few studies have examined or noted the effects of temperature on predator-prey interactions in aquatic ecosystems. Juvenile Atlantic salmon (Salmo salar) were observed to switch from diurnal to nocturnal feeding cycles with decreasing temperature ( Fraser et al. 1993 ( Fraser et al. , 1995 . At lower temperatures, the salmon have reduced swimming abilities while their endothermic terrestrial predators are not impaired. The nocturnal strategy therefore is a simple and effective strategy that reduces encounter rates with predators whose relative effectiveness increases with decreasing temperature (Greenwood & Metcalfe 1998) .
While prey species become more passive with decreasing temperature, the reverse also appears to be true. With increasing temperature, guppies (Poecilia reticulata) switch from relatively passive antipredator behaviour to a much more active mode (Weetman et al. 1998) . At 228C, individuals are relatively inactive and have a much reduced feeding rate compared with that at 268C. At 268C, individuals also have greater swimming ability, tend to spend more time schooling and engage in predator inspection behaviour. Given that predators are likely to be more active at higher temperatures, these authors also suggest that water temperature may be used as a cue to assess the risk of predation within the environment.
To better understand the integration between the physical environment, an animal's physiology and behaviour and their impact upon predator-prey interactions in the much longer term, we have sought to integrate information about brown trout (Salmo trutta) foraging on Arctic charr (Salvelinus alpinus) within Scottish Lochs. We used this system since there is a relatively large amount of published material on the physiology and behaviour for these two temperate species that was necessary for the development of the model. But unlike previous information that we have presented, this model operates over a much longer time-scale allowing us to investigate its impact at the population level.
The model we used to study the impact of a changing thermal environment was originally developed elsewhere, and is described in detail in Mangel & Abrahams (2001) . The published version of this model was developed to identify the role that ecological and biochemical adaptations play in the longevity of a rare morph of the brown trout, the ferox trout. In exploring such adaptations, we developed an individual-based model that contained both brown trout and charr that occupied a typical lake within Scotland. This model tracked individuals on a weekly basis, and confronted them with the thermal and photoperiod conditions associated with a typical Scottish lake at 608 N latitude.
Both trout and charr were subject to size-independent (e.g. disease and parasites) and size-dependent (predation) mortality. Weekly mortality for a fish of mass w is then described by mðwÞ Z m 0 C m 1 w K0:37 ; ð1:1Þ
where m 0 represents size-independent mortality and m 1 is the parameter associated with size-dependent mortality. For the purposes of the simulations described here, we set m 0 Z0.01 and m 1 Z0.03. We also characterized lakes as containing two distinct volumes that correspond to the littoral zone (V L ) and the benthic region (V B ). These values were set to 500 and 1600 for V L and V B , respectively. This parameter combination allowed the model to routinely produce the ferox trout morph which is the major predator required for an exploration of the impact that the thermal environment has predator-prey dynamics (for details on other parameters and their values, see Mangel & Abrahams (2001) ).
Temperature is a critical parameter in these simulations as it affects behaviour and a number of key physiological parameters. We quantified the impact of temperature by including a temperature-dependent assimilation parameter, f T that is distinct for trout and charr
In this equation, c n is a normalization constant that is selected so that the maximum value of f T is 1. The variables T min , T Ã and T max are species-specific parameters that characterize lethal minimum temperature, a temperature for the optimal value of food gathering and conversion ability, and lethal maximum temperature, respectively. This equation generates a peaked function for the food gathering and assimilation ability of the fish (Elliott 1994) .
In the analysis of growth dynamics below, we also use the temporal average of f T , defined by f a Z 1 52
fðT ðtÞÞ: ð1:3Þ
Growth rate of fish is described by the variable f 0 and we assume that growth rate within the population has a lognormal distribution with a mean f 0 and a standard deviation s 0 , which we assume is 30% of the mean (Jobling 1994 ð1:4Þ where a is a measure of metabolic cost; W(t) is the current weight of the fish; and D(t) is the daylight hours on day t. Assuming that maximum size of a fish is W max , the right-hand side of the preceding equation should be W(t) when W(t)ZW max . However, there is time dependence to the right-hand side. We approximate the value of a using the mean values for daylight hours (0.5), temperature and food gathering, and assimilation abilities. When W(t)ZW max , the second two terms on the right-hand side of that equation sum to 0, 0 Z 0:5 f 0 W max f a KaW max e 0:071T a ; ð1:5Þ
where T a is the average temperature. We conclude that a Z 0:5 f 0 W max f a e 0:071T a : ð1:6Þ
The value for f 0 was determined by selecting the value that most closely approximated known growth rates as reported by Vøllestad et al. (1993) and Vøllestad & L'Abee-Lund (1994) .
Of particular importance is the role of temperature on metabolic rates. The metabolic parameter in the preceding equations is aWe 0.071T . Within our simulations, we determined the value for a by an iterative solution that resulted in fish that had achieved their maximum size being unable to grow further at the average environmental temperature. However, the key component and the one most relevant to this discussion is that metabolic rates will scale isometrically with body mass and nonlinearly with temperature. While the precise shape of this relation varies among species and is probably much more complicated than that used in this simulation, it does present a useful null model with which we base our interpretation.
Within our model, we make the assumption that trout are primarily adapted to feeding in the peripheral regions of the lake where they are capable of establishing feeding territories, and charr will occur and feed predominantly within the open water and benthic regions of the lake. Rates of competition among individuals will then depend on their relative competitive abilities within these two environments, as well as the density of both trout and charr in these locations.
Charr are known to become cannibalistic at a median size of 33.5 cm (Griffiths 1994) . For this reason, we approximated a size-specific piscivore threshold of 30 cm for both trout and charr. Until these fish achieve a body length of 30 cm, we assume that their prey will primarily include zooplankton and other invertebrate prey. At this stage, their rate of energy acquisition is then determined by density-dependent competition within their environment. Once they exceed 30 cm, we assume they switch to becoming obligate piscivores. Their diet will consist of relatively small individuals (0C trout and charr, and cyprinids) and larger individuals to a maximum size determined by a gape limitation model (Damsgård 1995) . The effect is to provide piscivores with an energy-rich niche that they can exploit to achieve the very large size typified by the piscivorous ferox trout. The equations that provide the detailed energy benefits of piscivory are described in Mangel & Abrahams (2001) .
With these parameters set, we could then address the question of the impact that a changing thermal regime has on predator-prey interactions. Our model operates by adapting animals to one thermal regime (as described previously) and then confronting them with another. In developing this approach, we took the approach of simply adding either 3 or 78C to average weekly temperatures, a range predicted by the Arctic Climate Impact Assessment-designated models (ACIA 2005) .
While the role of global warming is unlikely to operate this way (e.g. the frequency of intense weather events and the variability of climactic conditions between years were ignored), we felt that such an approach would allow us to precisely examine the role that temperature per se has on the interaction between these two species. Furthermore, we also ignored the potential impact that changing environmental conditions would have on other ecologically important species such as the availability and abundance of zooplankton and benthic invertebrates. Our focus is exclusively on the interaction between animal physiology, behaviour and their environment. We ran our simulations for 100 years, but ignored the first 25 years of data due to transient effects associated with the simulation. We also used a pseudorandom number generator that generated the same series of random numbers between simulations. This was important since this is an individual-based population model; many events have probabilistic outcomes, particularly those associated with behaviour. By running the simulations in this manner, it was then possible to make direct comparisons when manipulating environmental variables. We then plot the results of our simulations using the annual population size without environmental manipulation as the x -coordinate, and the population size for that year with environmental manipulation as the corresponding y-coordinate. As a reference, we provide an xZy line on each plot that corresponds to the conditions in which no net change would be observed under the two environmental treatments.
RESULTS AND DISCUSSION
With the parameter values that we used, piscivores made up only approximately 5% of the total population, with the majority of these unable to consume many of the trout and charr within our populations. The occurrence of exceptionally large individuals (those capable of consuming all size classes of non-piscivorous trout and charr) was a rare event. However, the presence of these large individuals resulted in higher mortality rates for small individuals, effectively stunting both the population of trout and charr and generating two distinct modes in the size distribution.
The impact of warming the environment by either 3 or 78C is summarized in figures 6 and 7 and statistically analysed in table 1. These data demonstrate that the prevalence of very large piscivorous morphs within both the brown trout and charr population becomes much lower with increasing temperature (note that most data points for the piscivore populations occur below the diagonal line, figure 6b ) with the effect most pronounced with a 78C increase in ambient temperature (table 1). The impact on the non-piscivorous trout population is less dramatic. For both the 3 and 78C changes in temperature, the trout population exhibits the smallest change in population size based upon an effect size index of all the fish types explored in this simulation (table 1) . The impact of this temperature change is similar for the charr that are large enough to be piscivorous, although they occur much less frequently in our model (figure 7b). The most surprising and counterintuitive result is the response of the charr population (figure 7a and table 1). Unlike every other population in this simulation, the population size of the charr increases with increasing temperature (table 1) .
The probable mechanism responsible for this change hinges on the mortality imposed by the large piscivores in this population. Based upon the data we used, charr suffer higher mortality from the piscivorous fish simply because they tend to grow more slowly than the trout and hence are less likely to grow outside the susceptible prey range defined by our gape limitation function. The predators will be unable to maintain their growth rates, since their metabolic costs will be increasing solely due to higher temperatures. This will both impair their growth rates and increase their mortality rates simply due to starvation and their major prey, Arctic charr, will be the beneficiary.
The role of metabolic rates in influencing the growth of brown trout has attracted considerable attention within the literature, with a diverse range of views on this relation. Lahti et al. (2002) argue that metabolic rate correlates positively with dominance status and negatively with latitude. Interpretation of these data is complex but ultimately it may be determined by the pattern of food availability. In conditions where the food distribution is stable through time, becoming dominant can be economically advantageous since these individuals will be able to monopolize a much larger proportion of the resources. This is a disadvantageous position when the availability of food becomes uncertain, since the elevated metabolic rate associated with dominance also renders these individuals the first to succumb to starvation (Á lvarez & Nicieza 2005) . If metabolic rates are elevated simply as a consequence of elevated temperatures, starvation may become much more common for those individuals occupying niches that contain a less predictable food supply.
We hesitate to conclude with certainty this will be the consequence of a warming environment on predator-prey interactions, but we do believe that this process forces us to think of the energetic consequences of such change. Given that aquatic environments require that predators be significantly larger than their prey, we must understand the combined roles of scaling and temperature on metabolic rates. Endothermic and ectothermic animals alike show metabolic rate scaling with body mass with roughly a 3/4 power (Hemmingsen 1960; Kleiber 1961; Dodds et al. 2001) . While the mechanisms and precise value of this scaling factor remain under debate (Chaui-Berlinck et al. 2005; Makarieva et al. 2005; West & Brown 2005) , the result is that larger organisms have a lower specific metabolic rate and therefore expend resources at a slower rate per unit body mass. From the perspective of predator-prey interactions, this means that predators that are much larger than their prey should be more tolerant of the hypoxia associated with warmer environments owing to their lower specific metabolic rate. But prey are much smaller and have ultimately less biomass to support and should therefore require smaller quantities of oxygen from the environment to meet their metabolic demands suggesting that they may ultimately be the beneficiaries of a changing environment. Further, confounding the issue is the temperature-dependent solubility of oxygen in water. As temperature increases the solubility and therefore the concentration of oxygen in water decreases just as metabolic demands are increasing.
It is also important to note that changes in water turbidity can exacerbate these energetic consequences. In particular, if both predator and prey rely primarily upon vision to detect prey and avoid predators, their response to increasing turbidity may be to increase their rate of movement to acquire more energy ( Werner & Anholt 1993 ). Under such a scenario, we believe that the ecosystem may be inherently unstable since increased temperature may increase energetic demands while increasing turbidity will make it more expensive to meet these demands. Ultimately, the combined effects of temperature and turbidity will leave no more behavioural options to predators to compensate for factors that reduce their net foraging rate. Once that point is crossed, the environment becomes uninhabitable for the predators. Schultz & Conover (1999) examined the rate of energy reserve depletion in Altantic silversides held at 4 or 88C and found that metabolic rates increased with temperature and that smaller individuals depleted their energy reserves relatively faster. While such a result would suggest that smaller individuals would be more vulnerable to starvation, they also noted that smaller fish reduced their rate of energy depletion more effectively than larger individuals and that survival probability was unrelated to body size. Hence, the impact of body size can be complicated by these responses.
The pressures to increase body size to escape gape-limited predators or accumulate sufficient energy stores to survive periods of starvation can also have dramatic effects on animal behaviours. Rainbow trout (Onchorhyncus mykiss) incur greater predation risks in low energy systems to achieve growth rates which allow to escape from gape-limited predators and accumulation of sufficient energy reserves for over winter survival (Biro et al. 2005) . The accumulation of energy reserves for over winter survival is heavily documented and confirms the superiority of larger body size for persistence during times of starvation.
The opposition of specific metabolic rates and total supported body mass has two major results. First, owing to lower biomass and superior metabolic adaptability, smaller individuals will be able to use habitats where resources can be acquired from the environment in nearly continuous small doses which would provide an inadequate consumption rate for larger fishes. Second, large individuals are better adapted to surviving conditions when resources are wholly or nearly unavailable for protracted periods (Schultz & Conover 1999; Biro et al. 2004) . These results can be confounded by relative abilities for metabolic acclimation (Schultz & Conover 1999) or adaptations which allow the acquisition of resources from alternate environments (i.e. surface respiration) and the ability to increase anaerobic capacity (Almeida-Val et al.1995 .
GENERAL CONCLUSION
It is generally conceded that the globe is currently undergoing a period of rapid climate change and the three parameters discussed in this paper; dissolved oxygen, turbidity and temperature, will change in a way that will challenge aquatic ecosystems. While knowing with certainty what the consequences of such change will be is impossible, it does seem reasonable that changes in these parameters may probably shift the balance in favour of prey, although a good knowledge of precise mechanisms will be required and there are certain to be many exceptions to the rule. We have also ignored the role of evolutionary response to change and this may also alter our conclusions (Jones & Ellner 2004) . If this is the general trend, then it is probable that species that occupy higher trophic levels within such communities will be threatened and that the ultimate consequence will be a reduction in biodiversity. Table 1 . Quantitative summary of the response of trout and charr populations to a 3 and 78C increases in their thermal environment (see text for details). Statistical analysis used a one-way ANOVA for three different thermal regimes with 222 d.f. in the error term. The reported magnitude of the effect was determined by calculating effect size (Cohen 1988 
